Background: High concomitant intolerance attributed to odorous/pungent chemicals, certain buildings, electromagnetic fields (EMF), and everyday sounds calls for a questionnaire instrument that can assess symptom prevalence in various environmental intolerances. The Environmental Hypersensitivity Symptom Inventory (EHSI) was therefore developed and metrically evaluated, and normative data were established. The EHSI consists of 34 symptom items, requires limited time to respond to, and provides a detailed and broad description of the individual's symptomology. Methods: Data from 3406 individuals who took part in the Västerbotten Environmental Health Study were used. The participants constitute a random sample of inhabitants in the county of Västerbotten in Sweden, aged 18 to 79 years, stratified for age and gender.
Background
Health symptoms attributed to environmental agents are an extensive occupational and public health problem. Apart from toxic and allergenic substances, symptoms are commonly attributed to chemicals and biological materials (e.g., mold) that generate odor and sensory irritation (e.g., pungency), to electrical equipment that generate electromagnetic fields (EMF), and to mechanical phenomena that generate sound. Health effects of exposure to strong EMF are well documented, and such exposure is controlled by regulations and guidelines [1] .
However, there is no existing evidence for health effects from low-level EMF exposure. Instead there is evidence for a nocebo effect in triggering acute health effects [2] [3] [4] . Nevertheless, health problems evoked in the presence of electrical equipment is a concern.
Clinical diagnoses for these environmental intolerances (EI) include multiple chemical sensitivity (MCS) [5] , nonspecific building-related symptoms (sick building syndrome) [6] , idiopathic environmental intolerance attributed to electromagnetic fields (IEI-EMF) [7] , and sound sensitivity (hyperacusis) [8] . As many as 6.3% of a general Swedish population report having a physician-based diagnosis of at least one of these four intolerances, and 21.6% report an intolerance (not necessarily diagnosed) to at least one of the environmental factors odorous/pungent chemicals, certain buildings, EMF, and everyday sounds [9] .
Apart from general symptoms (e.g., fatigue and headache) that are common in these EI, certain symptoms seem to be more common in certain types of intolerance. For example, airway symptoms are common in intolerance to odorous/pungent chemicals [10] , eye, upper respiratory and skin symptoms among nonspecific building-related symptoms [11] , skin symptoms in intolerance attributed to EMF [12] , and emotional symptoms and concentration difficulties in sound sensitivity [13] . Regarding EMF, skin symptoms dominate among those who attribute their symptoms to computer screens, fluorescent lamps and television sets, whereas those who attribute their symptoms to EMF in general have a more cognitive and emotional symptom picture [14, 15] . The symptom picture varies within intolerances in general, and there is overlap between intolerances.
Studies of quality of life in EI have mostly been focused on individuals with severe MCS [16] [17] [18] [19] [20] , with exception of sound sensitivity [21] . The impact on quality of life is predominantly manifested as not having access to society, and having difficulties keeping a job and maintaining social relations. Hence, in addition to health symptoms that per se are bothersome, attempts to avoid the symptoms by avoiding the environmental exposure results in isolation for the afflicted individual. Indeed, avoidance of the environmental exposure is the most commonly reported coping strategy in MCS [22] , and is common also in symptom-attribution to EMF [23] and sounds [13] .
Self-reports are important for diagnosing EI due to the lack of objective markers that are generally agreed on. In this context information on the afflicted individual's symptomology is valuable, which also may contribute to the understanding of possible underlying mechanisms. For example, a symptom picture of predominantly airway symptoms may possibly indicate C-fiber hypersensitivity as in sensory hyperreactivity [24] , whereas a picture of predominantly cognitive and affective symptoms may indicate an anxiety and stress-related condition [25] .
Questionnaire instruments have been developed and metrically evaluated for assessment of specific symptoms in certain types of EI. These include the Quick Environmental Exposure and Sensitivity Inventory [26] and the Idiopathic Environmental Intolerance Symptom Inventory (IEISI) [10] for intolerance to odorous/pungent chemicals, and the MM-questionnaires for nonspecific building-related symptoms [27] . However, there is no documentation of metrically evaluated instruments for specific symptoms attributed to exposure to EMF or everyday sounds. Studies show that concomitant intolerance attributed to odorous/pungent chemicals, certain buildings, EMF, and sounds is common [9, 12, 28] . This motivates simultaneous investigation of these intolerances, which requests a questionnaire instrument that includes relevant symptoms in all these intolerances.
An objective of the current study was to develop and psychometrically evaluate a questionnaire instrument, referred to as the Environmental Hypersensitivity Symptom Inventory (EHSI), for asessment of symtomology in persons with symptoms attributed to odorous/pungent chemicals, certain buildings, EMF, and everyday sounds. The EHSI consists of 34 symptom items, requires limited time to respond to (about 5 min), yet it provides a detailed and broad description of the individual's symptomology. The metric evaluation included investigation of dimensionality (factor structure) and reliability (internal consistency). The dimensionality was assessed with factor analysis to accomplish appropriate symptom categories. Thus, it is useful to group the symptoms into appropriate categories to enhance the responders' evaluation of their symptom prevalence and the administrator's interpretation of symptom pattern in the responses.
Another objective was to establish normative data for the EHSI. In addition to normative data for the general population, reference data were provided for combinations of specific age groups (young, middle-aged and elderly adults) and gender. These data referred to having had the specific symptom on a weekly basis over the preceding three months.
There can be a large difference in symptomology between individuals with EI. This suggests that a questionnaire-based instrument aimed at providing a detailed yet broad description of the individual's symptom picture should provide the respondent with the possibility to also report symptoms that are not specifically listed in the questionnaire. The EHSI was therefore designed to also include open-ended questions about additional symptoms pertaining to certain symptom categories as well as to symptoms pertaining to additional, unspecified categories. The objectives of this study were addressed by means of data from a population-based study, the Västerbotten Environmental Health Study.
Methods

Population and sample
The Västerbotten Environmental Health Study is an embracing name for different investigations on the same general population regarding various forms of environmental hypersensitivity in Sweden. The study population, inhabitants in the county of Västerbotten in Northern Sweden, has an age and gender distribution that is very similar to that of Sweden in general [29] . A random sample, drawn from the municipal register, of 8600 individuals aged 18 to 79 years was invited to participate. The sample was stratified for age and gender according to the following age strata: 18-29, 30-39, 40-49, 50-59, 60-69, and 70-79 years. Of the 8600 individuals, 8520 could be reached, among whom 3406 (40.0%) agreed to participate. Age and gender distributions for the responders are given in Table 1 . The sample is described in Table 2 with respect to demographics, smoking, and health conditions of relevance to symptomology in EI.
The environmental hypersensitivity symptom inventory
The EHSI is to a large extent based on the IEISI that was developed for assessment of symptom prevalence attributed specifically to odorous/pungent chemicals [10] . The 27 specific symptoms in the IEISI were those reported by at least 20% of a sample with moderate to severe chemical intolerance. Many of these 27 symptoms are also commonly found in nonspecific building-related symptom [6, 30] , IEI-EMF [12, 31, 32] , and sound sensitivity [13] . However, certain modifications and additions to the IEISI were made to better cover the symptomology of intolerance to certain buildings, EMF, and sounds. Thus, "skin irritation/redness" was replaced with the four items "facial itching/stinging/tightness/heat", "facial redness", "dry facial skin", and "body itching"; and "head fullness/pressure" was replaced with the two items "head fullness" and "head pressure". Furthermore, "nasal mucosa irritation/dryness", "dry eyes", and "general discomfort" were added. In total, the EHSI consists of 34 specific symptoms.
Open-ended questions about additional symptoms pertaining to the symptom categories as well as to symptoms pertaining to additional, unspecified categories are also included in the EHSI. Since the likelihood of remembering to report a certain condition increases when that condition is provided to the respondent [33] , examples of additional symptoms are given after each open-ended question in the EHSI. These examples were adopted from the IEISI. The final version of the EHSI is presented in Figure 1 .
For the normative data, the frequency and time interval for a symptom to be considered as prevalent was having had the symptom every week over the preceding three months. This was partly based on the fact that this typically is used for the definition for nonspecific building-related symptoms [34] , partly due to the threemonth period being long enough to avoid memory effects and short enough to permit efficient follow-up studies after remedial measures have been taken [27] .
Procedure
A questionnaire was used that included the EHSI and questions regarding demographics, smoking, and health conditions ( Table 2 ). The responders were mailed the questionnaire, to be returned by mail with prepaid postage. Non-responders received up to two reminders. All participants responded to the questionnaire during the period March-April, 2010, before the onset of the pollen season in Västerbotten. The study was conducted in accordance with the Helsinki Declaration and approved by the Umeå Regional Ethics Board. All responders gave their informed consent to participate.
Statistical analysis
An exploratory factor analysis with Promax rotation and Kaiser normalization was conducted to study dimensionality of the 34 specific EHSI symptoms for categorization into symptom groups. An oblique factor rotation was chosen since prior studies of environmental hypersensitivity suggest strong commonalities among various types of somatic symptoms [4] . A scree test plot was made to identify the number of factors to be extracted [35] . The Kuder-Richardson Formula 20 coefficient (KR-20), comparable with the Cronbach alpha coefficient, was used for assessing internal consistency. Normative data for symptom prevalence were expressed in percentages among combinations of specific age groups [young (18-34 years), middle-aged (35-54 years), and elderly (55-79 years)] and gender, for the three age groups separately, for gender separately, and for the total sample. Since the response-rate in different age and gender strata varied, weighted prevalence rates for the entire sample were calculated as well. The weights used were calculated based on the inverse of the probability of respondents in each age and gender strata to participate [36] .
Results
Dimensionality of the EHSI
The factor analysis of the data for the 34 specific symptoms identified nine factors with an eigenvalue above 1. Their eigenvalues were 6.09 (17.90% explained variance), 2.60 (7.66%), 1.57 (4.61%), 1.36 (4.01%), 1.31 (3.86%), 1.09 (3.20%), 1.06 (3.12%), 1.05 (3.09%), and 1.01 (2.95%). However, a scree-test plot suggests only five factors to be extracted ( Figure 2 ; the number of factors preceding the last "elbow"; [35] ). The factor loadings of each EHSI item on each of the five factors are presented in Table 3 . The ten items that loaded strongest on Factor 1 can be referred to as cognitive and affective symptoms; the nine items that loaded strongest on Factor 2 can be referred to as airway symptoms; the six items that loaded strongest on Factor 3 can be referred to as skin and eye symptoms; the four items that loaded strongest on Factor 4 can be referred to as cardiac, dizziness and nausea symptoms; and the five items that loaded strongest on Factor 5 can be referred to as head-related and gastrointestinal symptoms.
Reliability and normative data of the EHSI
The KR-20 coefficient was 0.74 for airway symptoms, 0.60 for skin and eye symptoms, 0.55 for cardiac, Figure 2 Scree test plot of eigenvalues for the 34 factors. Table 4 for prevalence of specific symptoms expressed in percentages of subpopulations who report having each symptom every week over the preceding three months.
Discussion
An objective of the present study was to develop and psychometrically evaluate a questionnaire-based instrument, the EHSI, for assessment of symptom prevalence in persons with common types of environmental hypersensitivity. The instrument was aimed at requiring limited time to respond to, yet provide a detailed and broad description of the symptomology of the individual or group under study. Although the symtomology was focused on persons who attribute their symptoms to odorous/pungent chemicals, certain buildings, EMF, and sounds, the wide range of symptoms in the EHSI is likely to cover the symtomology of several other types of environmental hypersensitivity, including asthma and allergy. The evaluation of the EHSI suggests a factor structure of five factors: airway symptoms, skin and eye symptoms, cardiac, dizziness and nausea symptoms, headrelated and gastrointestinal symptoms, and cognitive and affective symptoms. The grouping of the cardiac, dizziness and nausea symptoms can be explained by sympathetic activity such that extensive heart pounding can cause chest discomfort, nausea and dizziness. Grouping of head-related and gastrointestinal symptoms can be referred to both types of symptoms being common psychosomatic symptoms. As would be expected, the head-related and gastrointestinal symptoms were found to load relatively high on the cognitive and affective factor. The outcome from the factor analysis was similar to that reported by Miller and Mitzel [37] and by Andersson and associates [10] , also using factor analysis, for those symptoms that were in common between studies.
The internal consistency of the entire EHSI and the symptom category cognitive and affective symptoms can be considered as good, the symptom category airway symptoms can be considered as acceptable, the symptom category skin and eye symptoms can be considered as questionable, and the symptom categories cardiac, dizziness and nausea symptoms, and head-related and gastrointestinal symptoms can be considered as poor. The poor consistency in the latter two symptom categories is likely to be due to these categories having few items in combination with being rather broad. A consequence is that use of a composite measure of cardiac, dizziness and nausea symptoms, and head-related and gastrointestinal symptoms from the EHSI should be supplemented with inspection of whether there is a large variability between the symptoms in this category. The validity of the EHSI was not investigated in this study. One reason for this is that the majority of its symptoms have been validated in a prior study of environmental hypersensitivity [10] . Another reason is the simplicity of assessment with the EHSI: having a specific symptom or not. Thus, the face validity [38] of the EHSI can be considered as good.
Another objective of the study was to provide normative data for various subgroups of age and gender, and for the general adult population. The population-based nature of the Västerbotten Environmental Health Study and the fact that the study population has an age and gender distribution that is very similar to that of Sweden in general [29] enhances the representativeness. However, among the randomly selected individuals only 40% volunteered, which compromises the representativeness. Research ethical regulations for conducting research in Sweden do not allow asking the selected individuals why they chose not to participate or about certain characteristics they may possess [39] . However, information on age and gender was available for those who declined participation in this study, and the largest proportion of non-responders was found among young men ( Table 1 ). The generally low response rate increases the risk of a selection bias. Thus, the special topic of the study (environmental health) may have attracted, in particular, respondents with health problems attributed to environmental aspects [40] , which may have resulted in the prevalence rates being higher than otherwise would have been the case. Comparisons with data from prior Swedish population-based studies do only partly support the notion that the current prevalence rates are too high. Whereas Eriksson and Stenberg [34] reported prevalence rates for adults aged 18-64 years that were generally lower than in the present study, Andersson and Norlén [41] reported rates based on all ages that were generally higher. The generally higher prevalence rates in women than in men (Table 4 ) accord with typical results on gender differences [42] , and the pattern of age-related differences corresponds in general with prior Swedish population-based data for young and middle-aged adults [34] .
The applicability of the EHSI is not limited to assessment of having had the specific symptoms every week over the preceding three months, or to assessment of prevalence (yes/no), for which the normative data are valid. The instrument can also be used for assessing the prevalence of symptoms as a direct result of the environmental exposure. Furthermore, the respondent can rate to what extent he/she experiences each symptom. An example of an appropriate rating scale for such a purpose is the Environmental Annoyance Scale, which is a category scale with seven semantic descriptors [Not at all (0), a little (1), partly (2), pretty much (3), rather much (4), to a large extent (5), and extremely much (6)], and with ratio-scale properties and good reliability and validity [43] .
